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Description

DIAGNOSTIC EXPERT SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a diagnostic expert system for diagnosing a data processing apparatus itself or a
data processing apparatus 1o control some object, for example, a switching network in an exchange.

2. Description of the Related Art

The following explanation will be given 1aking a swilching network as an example for easy understanding, however,
the present invention is not limited to the same. High reliability and efficient operation of a communication network
become important issues when providing high level communication services such as a commercial integrated service
digital network ({SDN). In particular, rapid fault location and repair is essential because the damage can be great if
network service is interrupted, and a powertul fault diagnostics expert system for repair support is required. The present
invention proposes a new diagnostic expert system.

When a fault occurs among a variety of units comprising the exchange, generally a fault message is output to, tor
example, a maintenance console. Then, a diagnostic program corresponding to the fault message is executed. Using
the result of the executed program, an area causing the fault is determined based on a diagnosis dictionary. Next, a test
is carried out for every function 1o locate a questionable object, e.g., a questionable package, which must then be
replaced by a new one. Such diagnosis must be completed correctly and rapidly.

in the prior art, as will be explained hereinafter in detaii, a maintenance technician watches fault messages displayed
on a console. Then he retrieves, according to the displayed contents, a manual book or the diagnostic dictionary, so
that he can replace packages located in the area where the questionable object is determined to exist, with new pack-
ages. Various known electronic parts, such as integrated circuits (IC's), are mounted on each package. With a new
package, a corresponding diagnostic command is input to make a diagnosis. The diagnosis is carried out repeatedly,
and if the result is successful, the faulty package or packages can be replaced by a new one or new ones. Finally the
maintenance technicians introduce the new packages into the apparatus, to be diagnosed by the use of a so-called
in-service command.

However, in actuality, the contents of the manual book and the diagnostic dictionary become complicated along with
an increase of the size of the switching network system. Thus, it is not easy for the maintenance technicians to locate
a fault based on the complicated diagnostic results. This makes it impossible to achieve rapid detection of the question-
able package.

A diagnostic exper system has been proposed in which knowledge based on a maintenance technician’s experience
is expressed in an "IF-THEN" guided program through which knowledge relating to fault conditions is retrieved by the
use of a reasoning engine. A questionable object is then located by using the retrieved knowledge.

As a first prior art, Japanese Unexamined Palent Publication No. 61(1986)-55777 proposes diagnosis achieved by
utilizing a diagnostic rule. As a second prior art, Japanese Unexamined Patent Publication No. 62(1987)-175060 pro-
poses diagnosis by utilizing a diagnostic knowledge data base which corresponds to a first knowledge data base ac-
cording to the present invention, in which a maintenance technician's knowledge is contained.

In the prior art diagnostic expert system, there is a first problem in that it is impossible 1o make diagnosis regarding
a fault which has never been experienced by a maintenance technician.

And a second problem is that it takes very long time for a maintenance technician to locate a fautt if the fault occurs
outside the area which he can cover.

From |EEE Transactions on Pattern Analysis and Machine Inteltigence, vol. 7, no. 5, September 1985, an expert
system for diagnostic problem solving is known. This system performs reasoning on the basis of shallow knowledge by
looking for a symptom that it can recognise using its problem dictionary, and if this approach does not lead to the desired
result, the system takes a second, functional database to issue a hypothesis on a possibly faulty object.

From Proceedings of the 4th Conference On Artificial Intelligence, March 14-18, 1988, pages 18-25, IEEE, New
York, US, an approach is known which utilises causal knowledge in assisting the heuristic classification method solved
routine faults.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide a diagnostic expert system which can rapidly and cor-
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rectly locate a possibly faulty object, even regarding a fault which has never been experienced by a maintenance tech-
nician.

According 1o the invention the above object is solved as defined in claim 1. The diagnostic expert system according
to the present invention combines two kinds of diagnosis, that is, a maintenance technician diagnosis, and a design
engineer diagnosis.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and featuses of the present invention will be more apparent from the following description of the
preferred embodiments with reference to the accompanying drawings, wherein:

Fig. 1 illustrates a typical exchange system, as an example, for explaining an application of the present invention;
Fig. 2 illustrates part of a data processing apparatus for explaining an example of a faull;

Fig. 3 illustrates a schematic block diagram showing the principle of the present invention;

Fig. 4 illustrates a schematic block diagram of a system according to an embodiment of the present invention;
Figs. 5A and 5B are flow charls of general procedures according to an embodiment;

Figs. 6A and 6B are schematic diagrams for explaining the operation according to an embodiment of the present
invention;

Fig. 7 illustrates explanatory contents of first and second knowledge data bases;

Figs. 8A, 8B and BC illustrate block diagrams for explaining a pointer,

Fig. 9 illustrates an example of a duplex system;

Fig. 10 depicts an example of a portion of system knowledge;

Fig. 11 illustrates a first example showing an arrangement of the diagnostic expert system according to the present
invention;

Fig. 12 illustrates a second example showing an arrangement of the diagnostic expert system according to the
present invention;

Fig. 13 shows an example of an application system according to the present invention; and

Fig. 14 schematically depicts an example of a system for managing the knowledge data base.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before describing the embodiments of the present invention, the related art and the disadvantages therein will be
described with reference to the related figures.

In, for example, an exchange, a duplex system is adopted in order to increase reliability. If a fault occurs in an active
part of the duplex system, an interrupt by fault is issued to start corresponding processing for the fault. By this, a faulty
unit is determined and the operation is switched to a stand-by part of the duplex system. After reconstruction of the
duplex system, the operation is continued. If a fault occurs also in the part now the active one, the duplex system goes
out of service. Therefore, it is important to locate the faulty unit rapidly and quickly repair it.

Figure 1 illustrates a typical exchange system, as an example, for explaining an application of the present invention.
The diagnostic expert system of the present invention is applied to a data processing apparatus having a control unit,
a memory unit and input/output unit or units to be diagnosed. In Fig. 1, speech path switches 1 are controlled by the
data processing apparatus via a speech path bus 2. Each switch 1 is provided with subscriber's telephone sets. The
data processing apparatus is specifically constructed by a processor 3, as the control unit, a memory 4, as the memory
unit, and input/output units (/O's) 7-1, 7-2, ... 7-m which are connected 1o the processor 3 by way of a channel control
unit 5 and a common bus 6. The I/O's 7 are, for example, a magnetic drum storage device, a magnetic tape storage
device, a printing device, a console, and $o on. The structure of the system is classified with a speech path system,
including the speech path swilches 1, and a central processor system, including the processor 3. Of these, the central
processor system forms a duplex system.

The speech path system is controlled by the central processor system in accordance with a call processing program.
In the central processor system, a fault processing program and a diagnostic program are stored, as a maintenance
program. The switching network is supervised by the fault processing program to issue a fault message when some
fault occurs. The diagnostic program is provided in the processor 3, the memory 4, the channel control unit 5, and so
on, to specily, in each unit, a questionable package causing the fault, through the diagnosis.

According to general fault processing, an interrupt by a fault is generated to replace the fault unit with a stand-by
unit, while a fault message including fault status is displayed on a console or printed out by a printing device. The
maintenance technician inputs a diagnostic command to the processor conforming 10 the diagnoslic message now
issued. A diagnostic program is then started which is allotted to the fault unit specified by the parameter of the thus input
diagnostic command. The resultant diagnosis and the resultant decision are displayed or printed out on the printing
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device. Based on the resutts, the maintenance technician retrieves a manual book or a diagnostic dictionary, as men-
tioned previously.

In the prior art diagnostic expert system, each fault and corresponding cause together with a questionable fault area
are accumulated in a diagnostic knowledge data base in reference to fault circumstances experienced by the mainte-
nance technicians. When a fault occurs, a questionable object is found based on the fault circumstances. This produces
the aforesaid first problem. This will be clarified below.

Figure 2 illustrates part of a data processing apparatus for explaining an example of a fault. The fault occurs, in the
example, outside the area which can be covered by the maintenance technicians. In Fig. 2, the common bus 6 has three
kinds of signal lines A, B and C. The channel contro! unit 5 and the input/output units 7-1 and 7-2 are connected via
these signal lines A, B, and C. As seen in the figure, the /O unit 7-1is connected with the signal lines A, B, and C, and
the /O unit 7-2 is connected with the signal lines A and B. Here, assuming that a fault occurs at a portion marked with
*X* on the signal line C during a communication between the unit 5 and the unit 7-1, a normal communication therebe-
tween can no longer be maintained. In this case, under the diagnostic expert system based on the maintenance tech-
nician's knowledge, it is impossible to distinguish whether the fault occurs on the common bus or in the /O unit 7-1. This
produces the aforesaid second problem.

According to the present invention, the fault diagnosis is achieved by further employing a design engineer's knowl-
edge regarding the structure and the function of the apparatus to be diagnosed. This will be clarified with reference to
the following drawings.

Figure 3illustrates a schematic block diagram showingthe principle of the presentinvention. Basically, the diagnostic
expert system is comprised by two diagnostic means. That is.

a first diagnostic means for determining a questionable object based on both said fault message and said diagnostic
data and diagnosing the questionable object; and

a second diagnostic means for hypothesizing the questionable object based on said struclure data regarding said
data processing apparatus, whereby a related fault object is specified by said first diagnostic means and also by, if
the object cannot be specified by the first means, said second diagnostic means.

Specifically, the present invention comprises a first knowledge data base 11 containing therein diagnostic rules and
test methods created by maintenance technicians, which diagnostic rules define causes of each fault in connection
directly with the respective faull messages;

a second knowledge data base 12, created by design engineers, containing therein data relating to the structure
and function of the data processing apparatus;

a first reasoning subsystem 13 for reasoning a questionable object liable to cause the fault with reference to said
first knowledge data base 11, and

a second reasoning subsystem 14 for reasoning the questionable object with reference to the second knowledge
data base 12; wherein

the questionable object is reasoned by use of the first reasoning subsystem 13 according to said fault message, and
if no questionable object is found by the reasoning, a circumstance analysis is carried out by use of the second
reasoning subsystem 14 with reference to the result produced by the first reasoning subsystem 13, according to
the analysis, and a hypothesis regarding the questionable object is generated and verified to find the target faulty
object.

For this purpose, the second reasoning subsystem 14 is set up with a circumstance analyzer 15, a hypothesizer
16, and a hypothesis verifier 17. The second reasoning subsystem 14 utilizes the results produced in the first reasoning
subsystem 13. The results are stored in a buffer memory 19 via a reasoning interface 18.

To be specific, in the first reasoning subsystem 13, the questionable object is retrieved by use of the first knowledge
data base 11 which stores therein the diagnostic rules and the related test method created by utilizing a knowledge of
the maintenance technicians. Each of the diagnostic rules (diagnostic data) is defined by a fault message in correspond-
ence with a related questionable object. Further, each of the structure data defines a relationship belween the units
comprising the data processing apparatus in accordance with the design information for constructing the data processing
apparatus.

If a questionable object is not successiully specified, the second reasoning subsystem 14 is activated, wherein a
fault circumstance is analyzed by the use of the second knowledge base 12-having stored therein the knowledge re-
garding the structure and function given by the design engineer. According to the analysis a hypothesis of the question-
able object is generated in the hypothesizer 16. Whether the hypothesis is correct or not is verified by the hypothesis
verifier 17. If the result of the verification supports the hypothesis, the questionable object is determined to be the target
fault. The design information consists of data including each combination of both a relationship and connection between
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the units comprising the data processing apparatus.

Figure 4 illusirates a schematic block diagram of a system according to an embodiment of the present invention. In
Fig. 4, reference numeral 21 represents an exchange system, 21A a speech path network, 21B a call processing pro-
gram, 21C a maintenance program, 21D a diagnostic program contained in the maintenance program 21C, 22 a diag-
nostic control unit for controlling an overall diagnostic expert system, 23 a man-machine (MM) interface unit, 24 a rea-
soning part, 25 a first knowledge data base created from the knowledge of a maintenance technician, 26 a second
knowledge data base created from the knowledge of a design engineer, 27 a data base, 28 a knowledge data base
management unit, 31 an expert shell reasoning unit, 32 a reasoning control unit, 33 a reasoning unit based on the
knowledge of a design engineer, 34 a reasoning explanation unit, 35 an expert shell knowledge data base development
environment, 36 a knowledge data base retrieving unit, and 37 a knowledge data base editing unit.

The first knowledge data base 25 stores therein data, such as diagnostic rules, test methods, package replacing
procedures and the like. The second knowledge data base 26 stores therein data, such as design models, functions of
each unit of the data processing apparatus, diagnosis characteristics of each said unit and the like, which are created
from the knowledge of a design engineer. The data base 27 stores therein data, such as the fault messages, command
parameters and the like.

The first reasoning subsystem, shown by 13in Fig. 3, is comprised of, in Fig. 4, the reasoning part 24 which contains
therein the expert shell reasoning unit 31, the reasoning control unit 32 and the reasoning explanation unit 34 which
explains the process of the reasoning 1o the maintenance technician.

The second reasoning subsystem, shown by 14 in Fig. 3, is comprised of, in Fig. 4, the reasoning control unit 32,
the reasoning unit based on the design knowledge 33 and the aforementioned reasoning explanation unit 34.

The diagnostic rules, stored in the first knowledge data base 25, define each questionable object in correspondence
with the variety of the fault messages. For example, the diagnostic rule is defined such that,

IF: fault message No. = 18,
THEN: questionable object may be processor 3 or channel control unit 5.

Where, the fault message No. = 18 indicates that there is no response from the channel control unit 5.
The aforesaid test method is defined such that,

IF: questionable unil is the channel control unit 5,
THEN: execute a diagnostic program.

Other examples of the aloresaid diagnostic rule will supplementally be given in the following table.

Table
FAULT MESSAGE QUESTIONABLE UNIT

No response from the channel control unit 5 | processor 3 or channel control unit 5

Parity check error of the memory 4 processor 3 or memory 4

input/output error channel contro! unit 5 or input/output unit 7

The design mode! stored in the second knowledge data base 26 provides information regarding structure, especially
structural connections between the processor 3, the channel control unit 5, the memory 4 and so on in terms of pointers.
The term pointer means an address link, as will be explained with reference to Figs. 8A, 8B and 8C. The function stored
in the second knowledge data base 26 expresses the function of each unit. That is, the function of, for example, the
processor 3, is expressed as follows:

{1) Reading, from the memory 4, a control instruction for the input/output unit 7;
(2) Selecting one of a plurality of channel control units 7-1, 7-2...7-m;
(3) Issuing a start signal, and so on.

As for the function of the channel control unit 7, the functions will be expressed as,
(1) Receiving the start signal;

(2) Execution of a start sequence;
(3) Retuming a response message, and so on.
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The first and second knowledge data bases 25 and 26 are managed by the knowledge data base management unit
28, so that the knowledge of the maintenance technicians and the knowledge of the design engineers are controlled to
be edited, accumulated and retrieved.

The diagnosis according to the present invention is mainly applied 1o the data processing apparatus including the
processor 3, the memory 4, the channel control unit 5 and the input/output units 7. The data processing apparatus
controls, for example, the exchange system 21 of Fig. 4. The speech path network 21A is controlled to set up a speech
path or release the speech path under control of the call processing program 21B. Further, the maintenance program
21C contains the fault processing program and the diagnostic program 21D and so on. The exchange system 21 is
supervised by the fault processing program. If a fault, such as a parity check error is detected, the fault message is
issued. Upon recognition of the thus issued fault message by the maintenance technician, the related command is
generated or a self diagnostic program 21 D is automatically started. Incidentally, in a case where a fault such as a no
dial tone occurs and the subscriber in question notifies the maintenance technician of that fact, the maintenance tech-
nician can input a related command by himself.

Furthermore, the MM interface unit 23 is comprised of a display device or keyboard to which the command input
and the input indicating a symptom conforming to the fault message are input. On the other hand, the MM interface
displays repair commands to the maintenance technician according to the result and diagnosis. The repair command
is displayed in a multiwindow mode, for example.

Figures 5A and 5B are flow charts of a general procedure according to an embodiment of the present invention. In
general, the first diagnostic means (13) includes a first part and a second part, the first part receives a fault message 1o
translate the same into a corresponding fault number and retrieve a diagnostic rule using the translated fault number,
the second part identifies the questionable object based on the thus retrieved diagnostic rule and starts executing a test
program corresponding to the questionable object to make a self diagnosis. The second diagnostic means (14) includes
a third, fourth, and fifth parts, the third part identifies a unit corresponding to the fault message as a questionable object
based on the result given by the first diagnostic means, the fourth part performs a backtrace of the processing procedure
step by step with respect to the thus identified questionable object, and the fifth part specifies the questionable object
according to the result of the preceeding self diagnosis achieved in the first diagnostic means (13). According to the
flow charts of Figs. 5A and 5B, the reasoning part (shown by 24 in Fig.4) watches the input fault message (step "a%);
retrieves the corresponding diagnostic rule using the fault message number (No.) (step *b"); identifies a questionable
unit based on the thus retrieved diagnostic rule (step "c®); retrieves a test method for the questionable unit (step "d");
displays the retrieved questionable unit and the related test method and then inputs the result of the diagnostic program
{DP) execution by a user (maintenance technician) (step "¢"). According to the result of the DP execution, the reasoning
part judges whether the target questionable package is correctly determined (step *f*).

In other words, when a fault message responding to an occurrence of a fault is generated, an aulomatic fault mes-
sage input or an input via the MM interface unit 23 by the maintenance technician is started. By this, the first reasoning
subsystem 13 (comprising the expert shell reasoning unit 31, the reasoning controf unit 32 and the reasoning explanation
unit 34) retrieves the first knowledge data base 25 using the fault message number (No.), retrieves the diagnostic rule
corresponding 1o the fault message number (No.), and identifies the questionable object according to the diagnostic
rule. Here, assuming that the guestionable units are, for example, both the processor 3 and the channel control unit 7,
the questionable units and also the corresponding test method are displayed on the MM interface unit 23, such as, for
example, "EXECUTE DIAGNOSTIC PROGRAM FOR BOTH PROCESSOR AND CHANNEL CONTROL UNIT"

If the questionable package is specified through the execution of the self diagnostic program, the step *f* in Fig. 5A
progresses through the route to"YES®, and therefore, the processing by the reasoning part 24 comestoan end. Contrary
to this, if the questionable package is not determined in step *1*, the second reasoning subsystemn 14 is activated , which
subsyslem performs a reasoning using the second knowledge data base 26 created by the design engineer. That is,
first, the content of the fault message and also the result of the diagnostic program (DP) execution are collected to
perform a circumstance analysis (step "g"). Then, an operation matched with the content of the fault message is extracted
from the function data base (step "h”). Next, a backtrace of the thus exiracted operation is achieved by one step to set
a hypothesis in which the backtraced operation (step) is questionable (slep *i"). Thereafter, it is checked whether the
diagnosis for the questionable operation has been finished (step “k). if the result of step "k® is NO, a unit among the
units which have not yet been diagnosed by the diagnostic program is displayed as a questionable unit on the MM
interface unit 13 (step *I*). To the contrary, if the result of step "k" is YES, the backtrace advances by one turther step
and the thus backtraced operation (step) is set as a new hypothesis in which the step is questionable.

In other words, according to the input by the maintenance technician or the resultant diagnosis by the first reasoning
subsystem (13), the reasoning control unit 32 controls shifling the processing from the first reasoning subsystem (13)
tothe second reasoning subsystem (14). By this, the reasoning part based on the design engineer's knowledge is started,
whereby the detection of the questionable object is carried out while retrieving the second knowledge data base 26. In
this case, according to the result of the circumstance analysis, the design model, the function of the unit and so on,
stored in the second data base 26, are retrieved and a hypothesis is made regarding the questionable unit. it is then
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verified whether the hypothesis is correct or not, at which point the diagnostic program is executed for the questionable
unit or units which have not yet been subjected to the diagnostic program, so that a target questionable unit is found.

Figures 6A and 6B are schematic diagrams for explaining the operation according to an embodiment of the present
invention. And Figure 7 illustrates explanatory contents of first and second knowledge data bases. Particularly, Fig. 7
illusirates contents related to dealing with a fault in which no response is retumed from the channel control unit (CHC).
In general, the first and second diagnostic means identify the questionable object based on a diagnostic rule and, if the
thus identified questionable object is constructed in the form of a duplex system having an active part and a stand-by
par, a diagnosis is made by starling a self diagnostic program executed by the stand-by part thereof, while, if the
questionable object is not formed as a duplex system but a single system, a test is achieved under control of said
diagnostic control means and if nofault is found in the questionable object, a reasoning is achieved by using the corre-
sponding processing procedure for this questionable object with reference to the structure data so as to finally specity
the target fault unit with reference to the result of the test.

Referring to Figs. 6A and 6B, the data processing apparatus is comprised of the processor (CPU) 3, the memory
(MEM) 4, the channel control units (CHC) 5-1, 5-2 and so on. In response to a star signal from the CPU 3 (see (a)), if
a response message is not returned from the CHC (5-1 or 5-2) (see (b)), the reasoning process is generated in such a
manner that, first, a diagnostic ruleis retrieved; a corresponding test method is retrieved; and an execution of a diagnostic
program is displayed, as the repair command.

In the first knowledge data base 25 (Fig. 7 and Fig. 4), the following are accessed, as depicted in Fig. 7.

(A) Diagnostic rule
If there is no response message from the CHC (5-1 or 5-2), atest is executed for the CPU 3 and the CHC (5-1 or 5-2).
(B) Test method

(1) I the object is constructed as a duplex system, a diagnostic program should be executed by using a stand-by unit.
(2) f the object is constructed as a single system. the test should be executed by using a corresponding test unit.

According to the above knowledge, the diagnostic rule instructs to execute a test for the CPU 3 and the CHC (5-1
or 5-2). In this case, the CPU 3 is constructed in the form of a duplex system, as illustrated in Fig. 9 explained later. The
CHC's (5-1, 5-2) are also constructed in the form of a duplex system. The memory 4 is also constructed in the form of
a duplex system. Therefore, it is decided to execute a diagnostic program for the questionable CPU 3 and CHC 5-1 or
5-2 by using the stand-by CPU 3. As a result of the diagnosis, if the related fault is located, 1he target questionable
package is replaced by a new one. The replacement procedure is displayed on the MM interface unit (shown by 23 Fig.
4). After replacement of the faulty package, the diagnostic processing for the fault ends.

In a case where the fault cannot be located through the above mentioned fault location by the use of the first knowl-
edge data base 25, a diagnostic processing follows, based on the design engineer's knowledge, and which is carried
out by the reasoning control unit (shown by 32 in Fig. 4). Here, the reasoning is carried out using the second knowledge
data base 26 (Fig. 7 and Fig. 4). As for the channel control unit 5-10r 5-2, the following knowledge is presented therefrom.

(A) Design model

The mode! indicates a structure connected between, for example, a bus 35, a data buffer 46, a decoder 47 and a
controller 48 expressed in lerms of the previously mentioned pointer, i.e., an address link.

(B) Function of unit
The function is indicated by the following:

(1) Receiving the start signal from the processor (CPU) 3;
(2) Executing the start sequence for the channe! control unit (5-1 or 5-2);
(3) Retuming the response message to the CPU 3; and so on.

According to the above knowledge, the circumstance analysis is started first, as shown by step "g® in Fig. 5B. During
the analysis, based on both the content of the fault message and the result of the diagnostic program (DP) execution,
it is concluded that the fault cannot be detected by the DP execution. Here, a questionable unit (package) is assumed.
This is done by extracling the operation, from the function of unit (B), which matches the content of the fault message.
Inthe example, since it is detected that no response message is returned from the CHC (5-1, 5-2), the following oper-
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ations are extracted.

(1) Fetching an I/0 (7) control instruction;

(2) Selecting one of the CHC's {5-1, 5-2 ...);

(3) Transmitting the start signal from the CPU 3

{4) Executing the start sequence; and

(5) Returning the response message from the CHC (5-1 or 5-2).

In general, in the second means (14) the questionable unit is identified and data of a processing procedure corre-
sponding 1o the thus extracted questionable unit is selecled, and the processing procedure is executed from last 1o first
in a reverse direction to search for the faulty unit.

Specifically, in the first means (13), the questionable unit performs a diagnosis by using a self diagnostic program,
and i the fault unit is not specified, the second means (14) reasons the faulty unit based on a relationship between the
units comprising the data processing apparatus, and a processing procedure for the questionable unit is executed from
last to first in a reverse direction.

Referring to Figs. 6A and 6B, since no response message is returned (refer to (5) in Fig. 6A with the symbol *X*,
No Good), ahypothesisis set such that the operation 4), i.e., the execution of the start sequence, has not been completed.
However, it is judged that the operation (4) has been completed normally based on the result of the diagnostic program
(DP) execution, so that it is concluded that the related CHC is normal {refer to (4) with the symbol *O*, Good, in Fig.
6A). In conclusion, the thus set hypothesis is cancelled.

Next, a backtrace of the operation by one step is carried out, i.e., (4) = (3). Here, the hypothesis is set such that
the operation (3), i.e., the transmission of the start signal, has not been completed. However, since the diagnostic result
with respect to the CPU 3iis normal (refer to (3) with the symbol *O" in Fig. 6A), the thus set hypothesis is also cancelled.
The next backtrace then follow, i.e., (3) = (2). Here, the hypothesis is set such that the operation (2), i.e., selection of
the CHC's, has not been completed. However, since the diagnostic result with respect to the CPU 3 is normal (refer to
(2) with the symbol "O" in Fig. 6A), ihe thus set hypothesis is also cancelled, Next a backtrace follows from (2) to (1).
The operation (1) fetches the control instruction for the /O (7). Here, the hypothesis is set such that the operation (1)
is not completed. As for the operation (1), the diagnostic program has not yet been executed under circumstance where
the memory 4 is assumed as the questionable unit. Therefore, the repair command indicates to diagnose the memory
4 using the corresponding diagnostic program.

Thus, when the diagnosis is made, based on the reasoning generated by the use of the maintenance technician's
knowledge, for the symptom indicating no response from the CHC, the corresponding diagnostic program (DP) is exe-
cuted for the CPU 3 and the CHC (5-1, 5-2) which are assumed as the questionable units. However, the result of the
DP execution suggests no unit to be questionable. Thereby, it is recognized that the memory 4 needs to be diagnosed
according 1o the reasoning generated by the use of the design engineer's knowledge. This makes it possible to locate
a fault which has not be located using the maintenance technician’s knowledge, i.e., the first knowledge data base 25.

It should be understood that the above mentioned case is taken as an example, and therefore, other faults can be
located in accordance with the corresponding fault message. If the fault is not located by the use of the maintenance
technician's knowledge, the design engineer's knowledge is introduced to locate the same.

Further, in the above-mentioned example, the backirace, i.e., (5) = (4) = (3) = (2) - (1) is used for changing the
hypothesis. However, a forward trace, i.e., (1) = (2) = (3) = (4) - (5), can also be used for changing the hypothesis.
In the latter measure, the corresponding verifications for each hypothesis are, of course, required. The latter measure
is useful if the fault is general rather than specific.

Referring again to Fig. 2, the abnormality takes place between the input/output (/) unit 7-1 and the channel controt
unit (CHC) 5, while keeping normality between the CHC 5 and the /O 7-2. In this case, the abnormality cannot be
detected through the reasoning generated by the usual maintenance technician's knowledge. According to the present
invention, the reasoning with the aid of the design engineer’s knowledge is generated taking the structure into account,
that is , the /O 7-1 is connected with the signals lines A, B and C, white the I/O 7-2is not connected with the signal line
C. but the lines A and B only. This generales a reasoning that the signal line C should be diagnosed. Therefore, the
fault on the signal line C, marked with the symbol X", can be detected.

It should be noted that the present invention can be applied not only to an exchange system, but also to other
computer aided systems.

Figures 8A, 8B and 8C illustrate block diagrams for explaining a pointer. As mentioned previously, the structure
data, used in the second diagnosiic means (14), contains information about the conneclions between the units. The
structure data can be expressed in lerms of the aforesaid pointers, i.e., the address link numbers. The address link AL
is shown in these figures. The aforesaid function (refer to (a), (b) and (1) through (S) in Fig. 6A and refer to (B) in Fig.
7) are stored in files (refer to the blocks "FUNCTION® in Figs. BA and 8B).

Figure 9 illustrates an example of a duplex system. In general, the data processing apparatus is constructed in the
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form of a duplex system having an active part and a stand-by part, and a self diagnostic program is executed for the
questionable object is the stand-by part side thereof. Further, when a fault is found in the active part of the questionable
unit, the faulty part is replaced by the stand-by part thereof. In Fig. 9, members classified with #0 are active parts and
members with #1 are stand-by parts. The characters used in the figure are abbreviations representing the following:

CPU: | processor

MEM: | memory

POW: | power supply

INT: interface

AL: arithmetic and logic unit
MC: MEM controller

MB: memory bank

BC: bus controller

Figure 10 depicts an example of a part of a system knowledge. In Fig. 10, "PART-OF" denotes names of parts,
*ALK" an address link (refer to Figs. 8A, 8B and 8C) distinguished by respective numbers, "PARTS" names of packages,
*FAULT PROBABILITY" a ratio of probability to produce the fault in the past, i.e., most questionable, "FUNCTION" is
identical to that mentioned previously in, for example, Figs. BA and 8B.

Figure 11 illustrates a first example showing an arrangement of the diagnostic expert systemaccording to the present
invention. In general, the data processing apparatus is connected by way of the bus 6 to the diagnosis expert system
comprised of the first and second diagnostic means (1 3, 14) so as lo receive the fault message from the data processing
apparatus and start the related diagnosis. The diagnostic expert system (DES) 51 is directly connected to the common
bus 6.

Figure 12 illustrates a second example showing an arrangement of the diagnostic expert system according to the
present invention. in general, the diagnostic expert system (DES) 51 comprised of the first and second means (13, 14)
is realized as a work station connected externally from the data processing apparatus which provides the fault message
1o the work station. The term *work station” is used in Fig. 4. If the common bus 6 shown in Fig. 4 is not used, the system
(DES) 51 is located, as the independent work station. extemnally from the data processing apparatus. The connection
between the data processing apparatus and the system (DES) 51 is realized by the communication therebetween per-
formed by the maintenance technician. The maintenance technician watches the fault message from the data processing
apparatus, which is displayed on a display device {DISP) via the common bus 6. When the fault message is given the
maintenance technician inputs the related symptom information to the MM interface unit 23 (Fig. 4).

Figure 13 shows an example of an application system according to the present invention. The characters used in
the figure are abbreviations representing the following: ‘

CMOC: | centralized maintenance and operation center

DL Digital link interface equipment
SSP: system supervisory processor
ALDE: Alarm display equipment

ES: Expert system

SCWS: | system control workstation

TWS: test workstation

CPR: call processor

CcCls: common channel interface signaling

Efficient diagnosis is achieved by establishing the expert system in the CMOC and cooperating with the SCWS and
the TWS. I a fault occurs in a switching system and the maintenance technicians in its exchange cannot repair the fault
with the SCWS and the TWS, they request diagnosis from the maintenance technicians in the CMOC through the SCWS
or the TWS. The expert system collects the information needed for the diagnosis from the CMOC system, infers the
faulty parts, and transmits the result of the diagnosis to the SCWS or the TWS. The engineer managing the expert
system and its knowledge base will be stationed in the CMOC.

Figure 14 schematically depicts an example of a system for managing the knowledge data base. The system of
Fig. 14 corresponds to the block 28 shown in Fig. 4.

User-riendly functions are necessary to enable the maintenance technicians to add or change the knowledge by
themselves. The following function will meet this requirement.
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That is, the knowledge which a user describes or edits is represented in a natural fanguage based exiernal repre-
sentation. The external representation is translated automatically into the internal representation prepared for reasoning.
This enables the user to add or edit the knowledge with the external representation only. A user can also register the
words and synonyms necessary for describing the knowledge, so that the knowledge representation is flexible.

An example of the external representation will be given below.

IF (R3); (AUTONOMOUS-MESSAGE) IS (11) $ANDS (SELF MEM) OF (SBY-CPU) IS (OUS)
THEN D (SBY-CPU POWER-DOWN) .

The above exemplifies one pair of IF-THEN sentences. R3 denotes a rule 3 used for an identification. SELF MEM
denoles a self memory. OUS denates an out of service condition. SBY denotes a stand-by condition. The characters in
parentheses are stored in the term dictionary. The underlined portions are keywords for building the sentence. The user
can freely select the term in parentheses. The character $ is also used as a keyword. In the above example, the fault
message belongs to number “11°. Further, simultaneously (AND), the self memory cooperating with the stand-by CPU
is now out of service. The stand-by CPU is then assumed to be powered down.

As explained above in detail, the diagnostic expert system can serve as very high grade maintenance which can
locate a fault which cannot be located even by maintenance technicians.

Claims

1. A diagnostic expert system for diagnosing a data processing apparatus having a control unit (5), memory unit (4),
an input/output unit (7), according to a fault message issued from the apparatus due 10 a fault occurring therein,
comprising:

a diagnostic control means (22) for controlling the exper system;

a diagnostic knowledge base (11, 12) for storing therein both diagnostic rules and structure data reflecting the
connectlion relationship belween said units comprising said data processing apparatus

a first inference engine (13) for determining a possibly faulty object based on both said fault message and said
diagnostic rules and diagnosing the possibly faulty object by subjecting it to execution of a self diagnostic
program ; and

a second inference engine (14) in which

- apossibly faulty object is selected and a processing procedure corresponding to the possibly faulty object
is executed

- the hypothesis is formed and verified that the last processing slep of the processing procedure has not
completed

- if that hypothesis has to be discarded new hypotheses are formed by stepping in reverse direction through
the processing steps of the processing procedure and assuring for each processing step in tumn that it has
not completed.

whereby a possibly faulty object is specified by said first inference engine (13) or, if the object cannol be specified
by the first inference engine (13), by said second inference engine (14).

2. Adiagnostic expert system as set forth in claim 1, wherein said data processing apparatus is connected by way of
a bus lo a diagnosis apparalus comprised of said first and second inference engines (13;14) so as 1o receive said
fault message from the data processing apparatus and start the related diagnosis.

3. Adiagnostic expert system as set forth in claim 1, whereina diagnosis apparatus comprised of said first and second
inference engines is realized as a work station connected extemally from said data processing apparatus which
provides said fault message to the work station.

4. A diagnostic expert system as set forth in claim 1, wherein said dala processing apparatus is constructed in the
form of a duplex data processing apparatus having an active partand a stand-by part and a self diagnostic program
is executed for the possibly faulty object in the sland-by part side therect.

5. A diagnostic expert system as sel forth in claim 4, wherein when the fault is found in the active parl of the possibly
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faulty object, the faulty part is replaced by a stand-by part therefor.

A diagnostic expert system as set forth in claim 5, wherein said first inference engine (13) includes a first part and
a second pant, the first part receives fault message issued to translate the same into a corresponding fault number
and retrieves a diagnostic rule with the use of the translated fault number, and the second part identifies the possibly
faulty object based on the thus retrieved diagnostic rule and starts executing a test program corresponding to the
possibly faulty object to carry out a self diagnosis,

said second inference engine (14) includes third, fourth, and fifth parts, the third part (15) identifies a unit corre-
sponding to said fault message as a possibly faulty object based on the result given by said first inference engine
(13), the fourth part (16) performs a backtrace of the processing procedure step by step with respect to the thus
identified possibly faulty object, and the fifth part (17) specifies the possibly faulty object according 1o the result of
the preceding self diagnosis achieved in said first inference engine.

A diagnostic expert system as set forth in claim 1, wherein said first and second inference engines (11,13;12,14)
identify the possibly faulty object based on a diagnostic rule, and if the thus identified possibly faulty object is
constructed in the form of a duplex system having an active part and a stand-by part, a diagnosis is made by starting
a self diagnostic program executed by the stand-by part thereot, if the possibly faulty object is not formed as a
duplex system but single, a test is achieved under control of said diagnostic control means, and

if no fault is found in the questionable object, a reasoning is achieved by using the corresponding processing pro-
cedure for this possibly fauity object with reference to said struclure data so as 1o finally specify the faulty object
with reference to the result of said test.

A diagnostic expert system as set forth in claim 1, wherein each of said diagnostic rules is defined by each said
fault message in correspondence with a refated possibly faulty object, and

said structure data consists of data including each combination of both a connection relationship between said units
comprising said data processing procedure apparatus and a processing procedure between said units for every
processing.

A diagnostic expert system as set forth in claim 1, wherein said possibly faulty object is determined by said first
inference engine (13) based on both said fault message and said diagnostic rule and the thus determined possibly
faulty object is subjected to execution of a self diagnostic program to carry out a diagnosis.

A diagnoslic expert system as set forth in claim 1, wherein in said second inference engine (14), said possibly faulty
object is identified and data of a processing procedure corresponding to the thus identified possibly faulty object is
selected, and the processing procedure is executed from last to first processing step in a reverse direction to search
for the possibly faulty object.

A diagnostic expert system as set forth in claim 1, wherein said first inference engine (13) includes a first means
operative to receive fault message issued to translate the same into a corresponding fault number and retrieve a
diagnostic rule using the translated fault number, and a second means operative to identify the possibly faulty object
based on the thus retrieved diagnostic rule and to start executing a test program correspondingto the possibly faulty
object so as 1o carry out a self diagnosis,

said second inference engine (14) includes a third, fourth, and a fifth means, the third means (15) is operative to
identify a unit corresponding to said fault message as a possibly faulty object based on the result given by said first
inference engine, the fourth means (16) is operative to perform a backtrace of the processing procedure step by
step with respect to the thus identified possibly faulty object, and the fifth means (17) is operative to specify the
possibly faulty object according to the result of the preceding self diagnosis achieved in said first inference engine
(13).

A diagnostic expert system as set forth in claim 1, wherein said first and second inference engines (13,14) identify
the possibly fauity object based on said diagnostic rule and, if the thus extracted possibly faulty object is constructed
in the form of a duplex system having a main part and a stand-by parl, a diagnosis is made by starting a self
diagnostic program executed by the stand-by part thereof,

if the possibly faulty object is not formed as a duplex system but a single system, a tesl is carried out under

control of a diagnostic control means (22) for controlling the expert system and co-operating with said first and
second inference engines (13,14), and
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if no fault is found in the possibly faulty object, a determination is achieved by using the corresponding process-
ing procedure for this possibly faulty object with reference to said structure data so as to finally specify the faulty
object with reference to the resull of said first inference engine (13).

Patentanspriiche

1. Diagnose-Expertensystem zum Diagnostizieren einer Datenverarbeitungsvorrichtung mit einer Steuereinheit (5),

einer Speichereinheit (4), einer Eingabe/Ausgabeeinheil (7), gemaf einer von der Vorrichtung aufgrund eines darin
auftretenden Fehlers ausgegebenen Fehlemachricht, mit:

einer Diagnosesteuereinrichtung (22) zum Steuem des Expertensystems;

einer Diagnosewissensbank (11, 12) zum Speichern von Diagnoseregeln und Strukturdaten, welche die Ver-
bindungsbeziehung zwischen den Einheiten, welche die Datenverarbeitungsvorrichtung umfaBt, refleklieren;

einer ersten SchluBfolgerungsfunktion (13) zum Bestimmen eines moglicherweise fehlerhaften Objektes, basie-
rend sowoh! auf der Fehlemachricht als auch den Diagnoseregeln, und Diagnostizieren des moglicherweise
tehlerhaiten Objektes dadurch, daB es der Ausfithrung eines Selbstdiagnoseprogramms unterzogen wird; und

einer zweiten SchluBfolgerungsfunktion (14), in welcher

- ein moglicherweise fehlerhaftes Objekt ausgewahlt wird und eine Verarbeitungsprozedur entsprechend
dem méglicherweise fehlerhaften Objekt ausgefuhrt wird,

- die Hypothese gebildet und verifizierl wird, daf3 der letzte Verarbeitungsschritt der Verarbeitungsprozedur
nicht abgeschlossen worden ist,

- wenn diese Hypothese verworfen werden muB, neue Hypothesen dadurch gebildet werden, daf in Rick-
wartsrichtung durch die Verarbeitungsschritte der Verarbeitungsprozedur gegangen wird und fiir jeden Ver-
arbeitungsschritt wiederum angenommen wird, daB er nicht abgeschlossen worden ist, wodurch ein mog-
licherweise fehlerhaftes Objekt durch die erste SchluBiolgerungsfunktion (13) oder, wenn das Objekt nicht
von der ersten SchluBfolgerungsfunktion (13) spezifiziert werden kann, von der zweiten SchiuBfolgerungs-
funktion (14) spezifiziert wird.

Diagnose-Experensystem nach Anspruch 1, dadurch gekennzeichnet, daB die Datenverarbeitungsvorrichtung mit-
tels eines Busses mit einer Diagnosevorrichtung verbunden ist, die die ersten und zweiten Schlufolgerungsfunk-
tionen (13; 14) umfaBt, um die Fehlemachricht von der Datenverarbéitungsvorrichtung zu empfangen und die dies-
bezigliche Diagnose zu beginnen.

Diagnose-Experiensystem nach Anspruch 1, dadurch gekennzeichnet, daB eine die ersten und zweiten SchluBfol-
gerungsfunktionen umfassende Diagnosevorrichtung als Arbeitsstation realisiert ist, die auBerhalb der Datenver-
arbeitungsvorrichtung verbunden ist, welche die Fehlernachrichten an die Arbeitsstation gibt.

Diagnose-Experiensystem nach Anspruch 1, dadurch gekennzeichnet, daB die Datenverarbeitungsvorrichtung in
Form einer Duplex-Datenverarbeitungsvorrichtung mit einem aktiven Teil und einem Bereitschaftsteil konstruiert ist,
und ein Selbstdiagnoseprogramm fiir das méglicherweise fehlerhafte Objekt auf der Seite des Bereitschaftsteils
davon ausgefihrt wird.

Diagnose-Expertensyslem nach Anspruch 4, dadurch gekennzeichnet, daB wenn der Fehler in dem aktiven Teil
des méglicherweise fehlerhaften Objektes gefunden wird, der fehlerhatte Teil durch einen Bereitschaftsteil dafir
erseizt wird.

Diagnose-Expertensystem nach Anspruch 5, dadurch gekennzeichnet, daf3 die erste SchiuBfolgerungsfunktion
(13) einen ersten Teil und einen zweiten Teil einschlieBt, der erste Teil eine ausgegebene Fehlernachricht empfangt,
um dieselbe in eine entsprechende Fehlemummer zu Gbersetzen, und eine Diagnoserege! unter Verwendung der
bersetzten Fehlernummer gewinnt, und der zweite Teil das moglicherweise fehlerhafte Obijekt basierend auf der
so gewonnenen Diagnoseregel identifiziert und beginnt, ein Testprogramm entsprechend dem moglicherweise feh-
lerhaften Objekl auszufihren, um eine Selbstdiagnose auszufuhren,

wobei die zweile SchiuBfolgerungsfunktion (14) dritte, vierte und fanfte Teile einschiieBt, der dritle Teil (15) eine
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Einheit entsprechend der Fehlemachricht als ein méglicherweise fehlerhaftes Objekt basierend auf dem von der
ersten SchluBiolgerungsiunktion (13) ausgegebenen Ergebnis identifizien, der vierte Teil (16) eine Zurickverfolgung
der Verarbeitungsprozedur Schritt fir Schritt mit Bezug auf das so identifizierte, moglicherweise fehlerhafte Objek!
durchfihrt, und der fiinfte Teil (17) das moglicherweise fehlerhafte Objekt geman dem Ergebnis der in der ersten
SchiuBtolgerungsfunktion erzielien Selbstdiagnose spezifiziert.

Diagnose-Expertensystem nach Anspruch 1, dadurch gekennzeichnet, daB die ersten und zweiten SchluBfolge-
rungsfunkiionen (11, 13; 12, 14) das méglicherweise fehlerhafte Objekt basierend auf einer Diagnoseregel identi-
fizieren, und wenn das so identifizierte, moglicherweise fehlerhafie Objekt in Form eines Duplexsystems mit einem
aktiven Teil und einem Bereitschaftsteil konstruiert ist, eine Diagnose durch Starten eines Selbstdiagnosepro-
gramms durchgefihrt wird, welches von dem Bereitschaftsteil davon ausgefithrt wird, wenn das méglicherweise
fehlerhafte Objekt nicht als Duplexsystem, sondern einfach gebildet ist, ein Test unter Steuerung der Selbstdiagno-
sesteuereinrichtung erzielt wird, und

wenn kein Fehler in dem fraglichen Objekt gefunden wird, logisches Denken durch Verwenden der entsprechenden
Verarbeilungsprozedur fiir dieses mdglicherweise fehlerhatte Obijekt unter Bezugnahme auf die Strukturdaten erzielt
wird, um schiieBlich das fehlerhalte Objekt unter Bezugnahme auf das Ergebnis des Tests zu spezifizieren.

Diagnose-Expertensystem nach Anspruch 1, dadurch gekennzeichnet, daB jede der Diagnoseregeln durch jede
Fehlemachricht in Ubereinstimmung mit einem diesbeziiglichen, moglicherweise fehlerhaften Objekt definiert ist,
und

die Strukiurdaten aus Daten einschlieBlich jeder Kombination aus einer Verbindungsbeziehung zwischen den Ein-
heiten, welche die Datenverarbeitungs-Prozedurvorrichtung umfaBt, und einer Verarbeitungsprozedur zwischen
den Einheiten fir jede Verarbeitung bestehen.

Diagnose-Expertensystem nach Anspruch 1, dadurch gekennzeichnet, daB3 das méglicherweise fehlerhatte Objekt
durch die erste Schiu3folgerungsfunktion (13) basierend auf der Fehlemachricht und der Diagnoseregel bestimmt
wird, und das so bestimmte, moglicherweise fehlerhafte Objekt einer Ausfuhrung eines Selbsidiagnoseprogramms
unterworfen wird, um eine Diagnose durchzufihren.

Diagnose-Expertensystem nach Anspruch 1, dadurch gekennzeichnet, daB in der zweiten SchluBfolgerungsfunk-
tion (14) das méglicherweise fehlerhafte Objekt identitiziert wird und Daten einer Verarbeitungsprozedur entspre-
chend dem so identifizierten, méglicherweise fehlerhaften Objekt ausgewdhit werden, und die Verarbeitungspro-
zedur vom letzten zum ersten Verarbeitungsschritt in Riickwartsrichtung ausgefahrt wird, um nach dem moglicher-
weise fehlerhaften Objekt zu suchen.

Diagnose-Expertensystem nach Anspruch 1, dadurch gekennzeichnet, daB3 die erste SchluBfolgerungsfunktion
(13) eine erste Einrichtung einschlieBt, welche betreibbar ist, ausgegebene Fehlernachrichten zu empfangen, die-
selben in eine entsprechende Fehlernummer zu Obersetzen, und eine Diagnoseregel unter Verwendung der tiber-
setzten Fehlernummer zu gewinnen, und eine zweite Einrichtung, welche betreibbar ist, das moglicherweise feh-
lerhafte Objekt basierend auf der so gewonnenen Diagnoseregel zu identifizieren und zu beginnen, ein Testpro-
gramm entsprechend dem moglicherweise fehlerhaften Objekt auszufihren, um eine Selbstdiagnose auszufthren,
die zweite SchiuBfolgerungsfunktion (14) eine dritte, vierte und eine finite Einrichtung einschlieBt, die dritte Ein-
richlung (15) betreibbar ist, eine Einheit entsprechen der Fehlemachricht als ein maglicherweise fehlerhaites Objekt
basierend auf dem von der ersten SchiuBfolgerungsfunktion ausgegebenen Ergebnis zu identifizieren, die vierte
Einrichlung (16) betreibbar ist, die Verarbeitungsprozedur Schritt far Schritt betrefiend das so identifizierte, mégli-
cherweise fehlerhafte Objekt zurGickzuverfolgen, und die fiinfte Einrichtung (17) betreibbar ist, das moglicherweise
fehlerhafte Objekt gemaB dem Ergebnis der vorangehenden Selbstdiagnose zu spezifizieren, die in der ersten
SchiuBfolgerungsfunktion (13) erzielt wird.

Diagnose-Expertensystemn nach Anspruch 1, dadurch gekennzeichnet, daB die ersten und zweiten SchluBfolge-
rungsfunktionen (13, 14) das moglicherweise fehlerhafte Objekt basierend auf der Selbstdiagnoseregel identifizie-
ren und falls das so extrahierte, méglicherweise fehlerhatte Objeki in Form eines Duplexsystems mit einem Hauptteit
und einemn Bereitschaftsteil konstruiert ist, eine Diagnose durchgefihrt wird durch Starten eines von dem Bereit-
schaftsteil davon ausgefiihrten Selbstdiagnoseprogrammes,

falls das méglicherweise fehlerhaite Objekt nicht als Duplexsysiem, sondern als einzelnes System gebildet ist,

ein Test unter Steuerung einer Diagnosesteuereinrichiung (22) zum Steuern des Expertensystems und in
Zusammenarbeit mit den ersten und zweiten SchiuBfolgerungsfunktionen (13, 14) ausgefihrt wird, und
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falls kein Fehler in dem méglicherweise fehlerhaften Objekt gefunden wird, eine Bestimmung erzielt wird unter
Verwendung der entsprechenden Verarbeitungsprozedur far dieses mdglicherweise fehlerhafte Objekt unter
Bezugnahme auf die Strukiurdaten, um das fehterhafte Objekt schiieBlich unter Bezugnahme auf das Ergebnis
der ersten SchluBfolgerungsfunktion (13) zu spezifizieren.

Revendications

1. Systéme expert de diagnostic pour diagnostiquer un appareil de traitement de données comportant une unité de

commande (5), une unité de mémoire (4), une unité d'entrée/sortie (7), conformément & un message de défaillance
détivré depuis I'appareil du fait d'une défaillance se produisant en son sein, comprenant :

un moyen de commande de diagnostic (22) pour commander le systéme expert ;

une base de connaissances de diagnostic (11, 12) pour stocker en son sein 4 la fois des régles de diagnostic
et des données de structure reflétant la relation de connexion entre lesdites unités constituant ledit appareil de
traitement de données ;

un premier moteur d'inférence (13) pour déterminer un objet éventuellement défaillant sur la base & fa fois dudit
message de défaillance et desdites régles de diagnostic et pour diagnostiquer l'objet éventuellement defaillant
en le soumettant & une exécution d'un programme d'auto-diagnostic ; et

un second moteur d'inférence (14) dans lequel .

un objet éventuellement défaillant est sélectionné et une procédure de traitement correspondant a 'objet éven-
tuellement défaillant est exécutée ;

I'hypothése est formée et vérifiée, laquelle consiste en ce que la dernigre étape de traitement de la procédure
de traitement n'a pas é1é achevée ;

si cette hypoth&se doit étre écartée, de nouvelles hypothéses sont formées en déroulant par pas en sens inverse
les étapes de traitement de la procédure de traitement et en supposant que chaque étape de traitement a son
tour n'a pas été achevée,

et ainsi, un objet éventuellement défaillant est spécifié par ledit premier moteur d'inférence (13) ou si l'objet ne
peut pas étre spécifié par le premier moteur d'inférence (13), il Pest par ledit second moteur d'inférence (14).

Systéme expert de diagnostic selon la revendication 1, dans lequel ledit appareil de traitement de données est
connecté au moyen d'un bus & un appareil de diagnostic constilué par lesdits premier et second moteurs d'inférence
(13 ; 14) de maniére & recevoir ledit message de défaillance provenant de 'appareil de traitement de données et a
démarrer le diagnostic afférent.

Systeme expent de diagnostic selon la revendication 1, dans lequel un appareil de diagnostic constitué par lesdits
premier et second moteurs d'inférence est réalisé en tant que station de travail connectée de fagon externe depuis
ledit appareil de traitement de données qui produit ledit message de défaillance sur ladite station de travail.

Systéme expert de diagnostic selon la revendication 1, dans lequel ledit appareil de traitement de données est
construit sous la forme d'un appareit de traitement de données duplex comportant une partie active et une partie
en attente et un programme d'auto-diagnostic est exécuté pour fobjet éventuellement défaillant dans son cété de
partie en attente. :

Systeme expert de diagnostic selon la revendication 4, dans lequel la défaillance est trouvée dans la partie active
de I'objet éventuellement défaillant, ta partie défaillante est remplacée par une partie en attente correspondante.

Systeéme expert de diagnostic selon la revendication 5, dans lequet ledit premier moteur d'inférence (13) inclut une
premigre partie et une seconde partie, la premiére partie regoit un message de défaillance délivré pour traduire
celui-ci en un numéro de défaillance correspondant et pour retrouver une régle de diagnostic a l'aide de |'vtilisation
du numéro de défaillance tradutt, et la seconde pantie identifie 'objet éventuellement défaillant sur la base de la
régle de diagnostic ainsi retrouvée et démarre I'exécution d'un programme de test correspondant & 'objet éventuel-
lernent défaitlant pour mettre en oeuvre un auto-diagnostic,

ledit second moteur d'inférence (14) inclut des troisisme, quatriéme et cinquiéme parties, la troisiéme partie
(15) identifie une unité correspondant audit message de défaillance en tant qu'objet éventueliement défaillant sur
la base du résultat produit par ledit premier moteur d'inférence (13), la quatriéme partie (16) réalise une remontée
de la procédure de traitement pas par pas en relation avec l'objet éventuellement défaillant ainsi identifié, et la
cinquidme partie (17) spécifie l'objet éventuellement défaitlant conformément au résultat de 'auto-diagnostic pré-

14



10

15

25

35

55

10.

1.

12.

EP 0 338 561 B1
cédent obtenu dans ledit premier moteur d'inférence.

Systéme expert de diagnostic selon la revendication 1, dans lequel lesdits premier et second moteurs dinférence
(11, 13; 12, 14) identifient I'objet sventuellement défaillant sur la base d'une régle de diagnostic et si fobjet éven-
tuellement détaillant ainsi identifié est construit sous la forme d'un systéme duplex comportant une partie active et
une partie en atlente, un diagnostic est réalisé en démarrant un programme d'auto-diagnostic exécuté par sa partie
en attente, si l'objet éventuellement défaillant n'est pas formé en tant que systéme duplex mais en tant que systéme
mono-traitement, un test est réalisé sous la commande dudit moyen de commande de diagnostic ; et

si aucune détaillance n'est trouvée dans I'objet qui peut élre questionné, un raisonnement est réalisé en uti-
lisant la procédure de traitement correspondante pour cet objet éventuellement défaillant par référence auxdites
données de structure de maniére A spécifier pour finir fobjet défaillant par référence au résultat dudit test.

Systeme expert de diagnostic selon la revendication 1, dans lequel chacune desdites regles de diagnostic est définie
par chaque dit message de défaillance en correspondance avec un objet éventuellement défaillant afférent ; et

lesdites données de structure sont constituées par des données incluant chacune une combinaison a la fois
d'une relation de connexion entre lesdites unités constituant ledit appareil de procédure de traitement de données
et d'une procédure de traitement entre lesdites unités pour chague traitement.

Systeme expert de diagnostic selon la revendication 1, dans lequel ledit objet éventuellement défaillant est déter-
miné par ledit premier moteur d'inférence (13) sur la base a la fois dudit message de défaillance et de ladite régle
de diagnostic et l'objet éventuellement défaillant ainsi déterminé est soumis a une exécution d'un programme
d'auto-diagnostic pour mettre en oeuvre un diagnostic.

Systéme expent de diagnostic seion la revendication 1, dans lequel, dans ledit second moteur d'inférence (14), ledit
objet éventuellement défaillant est identifié et des données d'une procédure de traitement correspondant a l'objet
éventuellement défaillant ainsi identifié sont sélectionnées et la procédure de traitement est exécutée depuis la
demiére étape de traitement jusqu'a la premiére en sens inverse afin de rechercher 'objet éventuellement défaillant.

Systéme expert de diagnostic selon la revendication 1, dans leque! ledit premier moteur d'inférence (13) inclut un
premier moyen qui fonctionne pour recevoir un message de défaillance délivré pour traduire celui-ci en un numéro
de défaillance correspondant et pour retrouver une régle de diagnostic en utilisant le numéro de defaillance traduit,
et un second moyen qui fonctionne pour identifier l'objet éventuellement défaillant sur la base de la régle de dia-
gnoslic ainsi retrouvée et pour démarrer I'exécution d'un programme de test correspondant & Pobjet éventuellement
défaillant de maniére & mettre en oeuvre un auto-diagnostic,

ledit second moteur d'inférence (14) inclut des troisiéme, quatriéme et cinquiéme moyens, le troisiéme moyen
(15) fonctionne pour identifier une unité correspondant audit message de défaillance entant qu'objet éventuellement
défaillant sur la base du résultat donné par ledil premier moteur d'inférence, le quatrieme moyen (16) fonctionne
pour réaliser une remontée de la procédure de traitement pas par pas en relation avec 'objet éventuellement
détaillant ainsi identifié et le cinquieme moyen (17) fonctionne pour spécifier I'objet éventuellement défaillant con-
formément au résultat de Vauto-diagnostic précédent obtenu dans ledit premier moteur dinférence (13).

Systéme expert de diagnostic sefon la revendication 1, dans lequel lesdits premier et second moteurs d'inférence
(13, 14) identifient 'objet éventuellement défaillant sur la base de ladite régle de diagnostic et si l'objet éventuelle-
ment défaillant ainsi extrait est construit sous la forme d'un systéme duplex comportant une partie principale et une
partie en attente, un diagnostic est réalisé en démarrant un programme d'auto-diagnostic exécuté par sa partie en
attente,

si 'objet éventuellement défaillant n'est pas formé en tant que systéme duplex mais en tant que systeme
mono-traitement, un test est mis en ceuvre sous la commande d'un moyen de commande de diagnostic (22)
pour commander le systéme expert et pour coopérer avec lesdits premier et second moteurs d'inférence (13,
14) ; et

si aucune défaillance n'est trouvée dans l'objet éventuellement défaillant, une détermination est réalisée en
utilisant la procédure de traitement correspondante pour cet objet éventuellement défaillant par référence auxdi-
tes données de structure de manidre a spécifier pour finir l'objet défaillant par référence au résultat dudit premier
moteur d'inférence (13).
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